Research on the Technique of Safeguarding Well's Wall of Salt Deposit  by Zhi, Shu et al.
 Procedia Engineering  73 ( 2014 )  368 – 375 
1877-7058 © 2014 Published by Elsevier Ltd. Open access under CC BY-NC-ND license. 
Selection and peer-review under responsibility of Geological Engineering Drilling Technology
doi: 10.1016/j.proeng.2014.06.211 
ScienceDirect
Available online at www.sciencedirect.com
Geological Engineering Drilling Technology Conference (IGEDTC), New International 
Convention Exposition Center Chengdu Century City on 23rd-25th May 2014 
Research on the Technique of Safeguarding Well’s Wall of Salt 
Deposit 
Shu Zhia,*, Lv Mingkuana, Li Haikuna 
a.Sichuan Huafeng Drilling Engineering Co., Ltd., Yang District 8C Qingyang Industrial Park, Chengdu, 610000, China 
Abstract 
In view of the specialty of the salt formationˈa kind stabilizing method which consists of a protecting wall mud system and a 
casing & cementing technique had been presented in the paper. According to the actual situation of brine well construction, well 
structure, drilling fluid type, casing program and cement formula have been optimized. Scientifically using the drilling fluid 
system and the technology of casing cementing, the down well incidents such as wall collapse, leakage, overgauge well, water 
sensitivity denudation and sand contamination could be effectively avoided, and the drilling process and well’s quality should be 
ensured. 
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1.  Project overview 
In the Qianjiang salt mine of Hubei province, there are complex strata on exploration and well drilling 
engineering including thicker overlying the Quaternary and Tertiary formations, deep and thick salt strata. Generally, 
the exploration well depth is 1200-1500 m. During drilling process, there will be some complex downhole problems 
to happen, such as well collapse, leakage, shrinkage, chipping, sand intrusion etc., which will bring a lot of 
difficulties for drilling construction. So, the well structure design, casing and cementing, selection and use of the 
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drilling fluid will be directly related to whether the salt well drilling is successful or not. At the first time, when the 
drilling construction was began in Jianghan Plain, due to the knowledge about the regional strata was not enough, 
during the construction there was some detours in drilling fluid use. At the same time, through those practices, some 
experiences and lessons have been achieved. According to the formation characteristics and drilling technology, the 
reasonable well structure design and the high quality low solid mud was adopted, the 800~1000m loose covering 
stratum was smoothly drilled through, and the down hole problems of collapse and shrinkage was effectively 
prevented in the 400-600 m water sensitive shale and salt strata. The well drilling construction was smoothly gotten 
along and the quality of the project was ensured. The geological section and structure of the wellbore is shown as in 
Fig. 1. 
 
Fig.1 Formation and well structure 
2. Drilling Techniques and Coring Method 
The interval of 0~1020m depth adopted full face drilling with a big annular clearance, large cuttings size, carrying 
capacity and cementation property of the drilling fluid were mainly considering. The interval of 1020~1500m depth 
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adopted wire-line coring drilling. The main features of the wire-line coring drilling are small outer annular space, 
high circulation pump pressure, the greater the proportion of the drilling fluid, the higher the viscosity, the greater 
the shear force, the higher the solids content, the greater the annulus pressure, which easily leads lost circulation, 
well collapse, sticking of tools, inner pipe scaling and so on. In order to give full play to wire-line coring drilling, 
ensure borehole stability and normal construction, a fine dispersion drilling fluid system with low-solids, low 
viscosity, low shear force, appropriate water loss should be used. 
3. Drilling Fluid Design Principles and Well Wall Protection Mechanism 
Drilling fluid should be designed according to the characteristics of the formation, construction conditions, 
engineering requirements, safety and environmental protection and other factors, to ensure a lower solid phase 
content, good rheological properties, strong cuttings carrying capacity and good lubricating property. Drilling in high 
permeability formations such as sandstone formations which are easy to form a thick mud cake and cause sticking, 
the drilling fluids should have low loss, blocking and good lubricating properties. Drilling in high montmorillonite 
content water sensitive formations, it is required that the drilling fluid should have a low filtration and good rejection 
properties, such as high-quality polymer drilling fluid, potassium-based drilling fluids and so on. Drilling in salt-
gypsum formations, salt and calcium invasion, expanded diameter and wall collapse are easy to occur. Drilling fluid 
is required to have anti-electrolyte-pollution and salt dissolving suppression properties. Anti-pollution system, salt 
water drilling system and combined brine system can be used. 
Drilling in clay, shale, and salt-gypsum formations, one outstanding issue is borehole necking and collapse after 
water swelling. The reason is that there are a lot of clay minerals in clay and shale formations, especially the 
presence of montmorillonite clay minerals, which causes the borehole wall swelling and dispersing in contact with 
the drilling fluid. Such formation is also known as water sensitive formation. Obviously, for water sensitive 
formations, inhibiting dispersion is the most critical issue. So for the preparation of water-sensitive formation fluids 
should pay attention to the following points: 
x The quality of the used clay should be good. The saturated brine drilling fluid should select and use  sepiolite, 
attapulgite and others salt resistant clay. 
x To adopt the coarse dispersion makes the clay particles moderately flocculated, so the dispersion of well wall’s 
soil should be weakened, and increase the stability of the borehole wall.  
x To add the fluid loss agent, such as Na-CMC, PAC etc. should increase the film thickness and the penetration 
resistance, and then the water loss of the drilling fluid will obviously be reduced. 
x To improve the viscosity of the base fluid can decrease the water loss of the drilling fluid, the free water of the 
drilling fluid is actually that the water of base fluid go into the formations. The higher the viscosity of the base 
fluid is, the lower the water infiltrated speed is. 
x To adjust the density of drilling fluid balances the formation pressure. The pressure difference between drilling 
fluid and formation fluid in well is the impetus for water loss of the drilling fluid, to decrease the pressure 
difference and maintain balanced drilling is an effective measure decreasing the water loss of the drilling fluid. 
Borehole wall protection mechanism of salt well drilling fluids [1]: Because of its long molecule chains, CMC 
polymer molecular chain is easy to generate network structures which can significantly increase the viscosity of the 
drilling fluid, thereby increasing the stability of the agglomerated clay particles which is helpful to ensure the fine 
particles content and form a dense mud cake to reduce fluid loss. Hydrolyzed polyacrylamide (PHP) is a kind of 
selective flocculant with a negative charge, it is easily adsorbed with less negatively charged inferior soil particles 
and cuttings to form clumps by bridge flocculation which is removed easily. Montmorillonite has strong negative 
charge, it cannot form large tight clumps under the strong electrostatic repulsion, the space net structure formed by 
linking bridges can also improve the stability of montmorillonite. It is mainly flocculation at low concentrations PHP 
(less than 400PPm). When PHP concentration is above 500PPm, it is mainly in stabilizing effect, supplemented by 
flocculation. CMC and PHP can be cross-linked with each other to form a network structure and effectively improve 
the drilling efficiency, also has lubricating drag reduction effect. 
Due to high salinity, saturated brine drilling fluid can effectively inhibit shale hydration flaking and ensure 
wellbore stability. Low solid content brine system also has a good low temperature resistance property, generally 
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saturated brine is resistant to low temperatures of minus 15 degrees. Since the high salt resistance, saturated brine 
can avoid the dissolution of halide salt mineral and reduce the precipitation of the free water. CMC and humic acid 
potassium salt can compensate the electric charge reduced by salt invasion, while its stability is further improved by 
the network structure. Asphalt has anti-collapse property, sulfonated asphalt contains sulfonic acid groups which has 
strong hydration, when adsorbed on the shale crystal layer it can prevent hydration and dispersion of shale particles, 
while it can fill and block the fissure. Therefore, while reducing water precipitation and loss, saturated brine drilling 
fluid also can avoid wall hydration peeling to improve the stability of the borehole. 
Potassium salts such as K2CO3, KCl etc. can provide K+ ions whose radius is 2.66 x 10-6 m, which is compatible 
with the size of clay’s orthohexagonal lattice hole (2.88 x 10-6 m). Due to K+ having weak hydration ability, when 
K+ enters into the clay’s lattice holes, it will prevent clay from hydrating and dispersing, so it prevents clay from 
water swelling and maintains the stability of the well wall. In order to give full play to the K+ role, it is better to 
prepare potassium ion drilling fluid. While preparing the drilling fluid, using K2CO3 disperses the clay, using KOH 
adjusts pH value of the drilling fluid, using KCl adjust the inhibitive ability of the drilling fluid. The KCl 
concentration should maintain more than 5%. While drilling a high montmorillonite content of stratum, the KCl 
concentration should increase to 10%. The potassium ion can prevent shale from hydration and swelling, so it 
has the effect of stabilizing the wall well and well reduces water loss the drilling fluid. 
4. .Drilling Fluid Selection and Using Maintenance  
4.1. Drilling fluid selection and performance parameters 
While drilling the Tertiary and Quaternary loose formations, in order to prevent well collapse and leakage, 
through drilling fluid formula experiments and practices, a kind of polymer drilling fluid system which has high 
viscosity and low water loss was developed and adopted to stabilize the well wall. The formula is 1m3/ water + 
100kg/bentonite + 0.1~0.2kg/PHP + 3kg/Na2CO3 + 5~8kg/HV-CMC. 




(g/cm3) Viscosity (s) 
API water loss 
(mL/30min) PH value Silt content (%) 
The index data 1.05 40̚50 8̚10 8̚9 4 
 
While drilling the Tertiary unbroken  formations, a kind of low solid or solid free drilling fluid was used, in order 
to meet the requirements of wire line coring technology. 
The formula of the low solid poly-sulfonate drilling fluid is 1m3/ water + 50kg/bentonite + 0.25kg/PHP + 
1.5kgNa2CO3 + 3~5kg/MV-CMC + 8~10kg/sulfonated bitumen +5 ̚8kg/sulfonated lignite. 
Table 2  Drilling fluid performance parameters of the table 
Performance 
parameter Density (g/cm
3) Viscosity (s) API water loss (mL/30min) PH value Silt content (%) 
The index data 1.03̚1.05 28̚33 5̚6 9̚10 4 
 
The formula of the clay-free drilling fluid is 1m3/water + 8~10kg/HV–CMC + 1kg/PHP + 0.1kg/NaOH + 
10kg/saponified oil. 
Table 3  Drilling fluid performance parameters of the table 
Performance 
parameter Density (g/cm
3) Viscosity (s) API water loss (mL/30min) PH value Silt content (%) 
The index data 1.03 30̚35 50̚80 8̚9 4 
372   Shu Zhi et al. /  Procedia Engineering  73 ( 2014 )  368 – 375 
While drilling the salt beds, clay-free saturated brine drilling fluid or low solid saturated brine drilling fluid was 
used, which ensures the core recovery percentage in salt beds and avoids the occurrence of well collapse and 
enlargement in clay-shale, salt and  gypsum strata. 
The formula of the clay-free saturated brine drilling fluid is 1m³/ water + 350kg/NaCl + 10̚15kg/MV-CMC + 
0.3̚0.5kg/PHP + 0.1kg/NaOH. 
Table 4  Drilling fluid performance parameters of the table 
Performance 
parameter Density (g/cm
3) Viscosity (s) API water loss (ml/30min) PH value Silt content (%) 
The index data 1.20 20̚25 30̚50 9̚10 3 
The formula of the low solid saturated brine drilling fluid  is 1m³/water + 30kg/bentonite + 1kg/Na2CO3 + 
315kg/NaCl + 5̚8kg/PAC-LV + 8̚10ksulfonated bitumen + 50̚70kg/KCl + 8̚10kg/walchowite. 
Table 5  Drilling fluid performance parameters of the table 
Performance 
parameter Density (g/cm
3) Viscosity (s) API water loss (mL/30min) PH value Silt content (%) 
The index data 1.20̚1.25 26̚30 3̚5 10̚11 3 
4.2. Drilling fluid maintenance and management on site [5,6]
The design requirements of drilling fluid circulating trench are that its length should be more than 15m, width is 
more than 0.2m, depth is more than 0.15m, and its slope should be less than 1 degree. The circulating trench should 
has as much zigs as possible based on site conditions, and set up 3 ~ 5 dampers and 2 ~ 3 sedimentation tanks. 
Drilling fluid tank, sedimentation tank and circulating trench should be covered to prevent rain water from eroding 
drilling fluid. Sometimes, the drilling fluid circulating system should also be equipped with the desander and the 
centrifuge. At the same time, there is one waste slurry pool and one slurry storage pool, the waste slurry tank is used 
to store the poor performance or cannot use of drilling fluid.  
When drilling a gypsum stratum, in order to prevent pollution, the drilling fluid should be taken calcium 
treatment in advance. Before 20 ~ 30 m distance from drilling a salt stratum, the high-quality saturated salt water 
drilling fluid should be prepared, the maintenance of saturated salt water drilling fluid should be that protecting 
colloid, and secondly reducing viscosity. 
During drilling, if the drilling fluid viscosity, shear force is increased, the reason is usually drilling into a clay 
erosion formation, then some water or diluter need to be added into the drilling fluid, perhaps some selective 
flocculating agent or inhibitor can be used. Sometimes, using a centrifuge, the harmful solid phase of drilling fluid
should be removed, in order to maintain the stability of the drilling fluid. 
When drilling a sand formation, the drilling fluid will be contaminated and its sand content will quickly rise, the 
wear of water pump, drill tools and drill bit will also increase. So, the drilling fluid must be timely desanded, the 
viscosity and gel strength of the drilling fluid will also reduce, or adding some polyacrylamides flocculates the silt. 
4.3. Drilling fluid wall protected effect 
In the drilling construction of the OZK2 hole, there are Quaternary unconsolidated formation, sandstone, 
argillaceous siltstone and shale from 0m to 811.41m. Using the high quality low solid polymer drilling fluid, there 
are not a serious leakage or well collapse happened during drilling, there is a slight leakage happened during drilling 
the sand stratum. There is 600m deep strong water sensitivity, easy to be hydrated and collapsed gypsum, salt 
rock and shale stratum below 800m, using a low solid saturated brine drilling fluid, the drilling well went on till 
the final hole depth 1501.43m, during the drilling, there is no a well collapse or enlargement happened and the 
drilling problems of drill pipe sticking, tools stuck, broken drill pipe were significantly decreased, thereby, the 
construction progress and engineering quality were ensured. 
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5. Casing and Cementing 
5.1. The casing protecting wall 
The casing protecting wall is one of the most effective and reliable protecting wall solutions, the casings include 
surface casing, intermediate casing and production casing in the brine well drilling construction.  Except the 
production casing, other casings are used in protecting the well wall and ensure drilling smoothly going on.  
According to the working conditions of the casings, the design of casing strings should be able to withstand the 
internal pressure, the external pressure, the lateral load and the casing its own weight, the pull force of the upper 
casing is the biggest, the external pressure of the bottom casing is biggest.  In order to ensure the casing string being 
safe, generally the tensile design safety factor is set as 1.5̚1.8, the external pressure resistance safety factor is set as 
1.0̚1.25, the internal pressure safety factor is set as 1.1̚1.3. 
5.2. The cementing technology[4]
(1)The requirements of cementing quality [3] 
The casing string assembly must meet the design requirements, the error between the casing string running actual 
depth and design depth should be less than 0.5 ‰. The surface casing and intermediate casing cementing must keep 
the cement slurry returns to the well head and the annulus gap between the casing and well is full of the cement 
slurry. The cementing adopts the class G of oil well cement, the density of the cement slurry is above 1.85 g/cm3. 
The cementing quality of over 90% salt formation is good, the rate of medium cementing quality is less than 7%, the 
rate of poor cementing quality is less than 3%. 
 (2)Factors affecting the cement slurry design 
The factors affecting cement slurry design includes well depth, mud fluid column pressure, cement slurry 
viscosity, water cement ratio, temperature, pumping time, curing time, designed cementing strength, water quality, 
mud and its treatment agent, density of cement slurry, cementing permeability, water loss of cement slurry, and salt 
water resistance ability. 
(3)The physical properties of the cement slurry 
The density of oil well cement is about 3.15 g/cm3, the water cement ratio of cement slurry is commonly between 
0.4 and 0.45, while the water cement ratio is 0.5, the density of cement slurry is 1.84g/cm3. Therefore when the 
cementing is carried out in high and low pressure strata, some additives should be used in order to change the density 
of cement slurry. The additive reducing density includes bentonite, diatomaceous earth, cinders etc. The additive 
increasing density includes barite, magnetite, galena and etc. 
The cement slurry must have good fluidity, the fluidity of domestic oil well cement slurry should be larger than 
16~17 cm. At the same time, the water loss of the cement slurry must be low, because plenty of water loss will make 
water slurry rapid densification and reduce its liquidity, and  a thick mud cake on the well wall will be formed, when 
the problem gets more serious, it should stick the casing and suffocate the mud pump, especially in the soft, 
permeable of strata. 
 (4)The bottom structure of the casing string 
The bottom structure of the casing string is guide shoe + screen tubes + float shoe. Guide shoe is installed on the 
bottom of the casing string, which prevents mud cake and cuttings from entering into the casing, and guides the 
casing string smoothly down to the well bottom. The screen tubes are used as production casings, which are located 
at the bottom of the casing string. The float shoe is also known as “casing back pressure valve”, whose role is to 
prevent drilling fluid from entering into the casing, and to prevent cement slurry from entering into the casing while 
cementing. 
5.3. Grouting cement slurry  
Grouting cement slurry is a complex work, some necessary calculations, experiments and measures need be 
studied before construction. 
(1)Design calculation: 
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The dosage of cement slurry:  
V =ʌ/4× k1 (D12 –D2 )H+ʌ/4× d2 h                                                                                                                         (1) 
Where: V is the dosage of cement slurry (m³); D1 is average diameter of the borehole (m); D is outside diameter 
of the casing (m); d is inside diameter of the casing (m); H is the height of cement slurry returning (m); h is the 
height of concrete column in casing (m); k1 is the additional coefficient of cement in the naked hole section (1.05 ~ 
1.10). 
The dosage of dry cement: 
G=k2Vq                                                                                                                                                                   (2) 
Where: G is the dosage of dry cement (bag); V is the dosage of cement slurry (m³); q is the dosage of dry cement 
a cubic meter cement slurry; k2 is the loss coefficient in ground (generally is 1.03̚1.05). 
The water consumption: the calculation of water consumption is based on the dosage of dry cement. 
VS = V1G ×1/1000                                                                                                                                                  (3) 
Where: VS is the water consumption (m³); V1 is the water consumption a bag of cement (L/bag); G is the dosage 
of dry cement (bag). 
The dosage of displacing fluid: 
Vn =V, +ʌ/4×d2·(L-h)                                                                                                                                             (4) 
Where: Vn is the dosage of displacing fluid (m³); V’ is the ground pipeline volume (m³˅; d is the inside diameter 
of casing (m); L is the  length of casing(m); h is the height of concrete column in the casing (m). 
The grouting time: 
T=T1+T2+T3                                                                                                                                                                                                                     (5) 
Where: T is the total time of cementing construction; T1 is the time for grouting; T2 is the time for opening or 
closing the valves (generally is 1̚3 min); T3 is the time for grouting displacing fluid. 
(2)Checking the cementing quality 
x Water injection pressure testing 
When the cement slurry returns to the wellhead for cementing the surface casing, the water injection pressure 
testing don't need to carry out, but the following drilling can start after 72 hr.  After 72 hr when the intermediate 
casing cementing was completed, the internal and external pressure test of the casing should be carried out. When 
drilling the cement plug to the middle of the bottom casing, the internal pressure test can be start. And when drilling 
through the casing shoe and into 0.3 ~ 0.5 m rock, the external pressure test can be start. The intermediate casing 
pressure test is injecting water to 12MPa pressure and to maintaining close for 30 min, the pressure drop is less than 
0.5MPa for is qualified.  
x Acoustic amplitude logging 
After the intermediate casing cementing, an acoustic amplitude logging need to be carried out to check the 
cementing quality.  According to the acoustic amplitude logging curve, the cementing quality can be divided to three 
grades, as good, medium and poor cementation. That 95% of the cementing quality of the down 500 m intermediate 
casing is good and 90% of the cementing quality of the upside intermediate casing is medium is regarded as 
qualified. 
(3)Measures to improve the cementing quality 
x Increasing the grouting velocity of cement slurry makes it at the turbulent state rather than a laminar flow. 
x In order to improve cement slurry liquidity, the viscosity and shearing force of the cement slurry should be 
appropriately decreased. 
x Paying attention to the quality of well bore drilling makes that the well straight, the well’s gauge regular and 
consistent. 
x The density of mud should be even. 
x A kind of low loss cement slurry should be used at the large and easy leakage formations. 
x A kind of brine drilling fluid should be adopted during cementing in large section of the mudstone and shale 
formation. 
x The lag between initial setting and final setting of the cement slurry would be shortened. 
x A kind of expansive cement should be used as far as possible, in order to improve the bonding strength between 
cementing, case and borehole wall. 
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x Use the additional coefficient according with the local actual situation, the cement dosage should be precisely 
calculated. 
x Before running casing, the well should be washed with larger pump volume than drilling, makes all of the rock 
powder in well returned to the surface, the borehole wall adapt to the large displacement washing, and prevent 
the well collapse during the cementing process. 
6. Conclusions 
According to characteristics of the drilling technology and the formations, a kind of drilling fluid system and its 
performance parameters had been reasonably chosen, meantime, management and maintenance of drilling fluid in 
the field should be nicely carried out, it should insure the borehole wall stability and engineering quality, and 
improve the drilling efficiency and reduce the production cost. 
The casing and cementing is one of the most effective and reliable plan of protecting wall, the cementing quality 
is the key to insure the effect of protecting wall. Therefore, through scientifically designing cement formula and 
casing structure, and strictly controlling its physical performance parameters and grouting process, the grouting 
success rate  and the cementing quality could be greatly improved. 
Application prospects: the protecting wall technology of drilling fluid and casing could be not only used in the 
salt drilling construction field, but also be used in the loose, strong water sensitivity formation drilling construction 
fields. The solid-free saturated brine drilling fluid and low solid saturated brine drilling fluid could be applied to the 
protecting wall of drilling in the frozen soil, combustible ice layer or under low temperature. 
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